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The llLi Neutron Halo Radius from Pion Double Charge Exchange

W, R. Cibbst and A.C. Hayes

Theoretical Division, Los Alamos National Labomtoy, Los Alamos, NM87545

Abstract

We have analyzed the pion double charge exchange data for the direct
population of the ground state of “Li by the “B(m-, r+)ll Li reaction and
find that the meaaured cross section determines the rms radius of the last
two neutrons in ‘lLi to be 5.1~~~ fm.

The existence of a neutron halo in the exotic neutron-rich nucleus ‘‘ Li has been
inferred from the large tot al reaction cross-section on various light targets’ and
from the narrow momentum distribution of the outgoing 9Li2 and neutron3 t’rag-
ments in ( “Li,9Li) dissociation experiments. However, there is a large uncertainty

‘1Li range from art total neutronas to the magnitude of the halo, and results for
rms radius* of 3,21+0,17 fm to a neutron halo with a radius30f 12 fm. We calcu-
late the DCX cross-section for the ‘‘ B( ~-, m+) reaction and show that the rment
LAMPF data’ can be used to determine the radius of the neutron halo in 1’Li.

At a pion energy of T.= 164 MeV, the DCX reaction is dominated by two se-
quential single charge exchanges. We have performed calculations of the DCX re-
action using finite range distorted wavea and a closure approximation for the inter-
mediate states, The calculational technique has already been described elsewhere.
The nuclear structure input was expressed in term of shell model two-body density
matrix elenlents derived from a p-shell calculation.

In calculating the DCX reaction the rms radius of the last two neutrons in 11Li
(Rln) was varied in order to determine the value giving the best representation of
the data’ by adjusiing the size of the Woods-Saxon well used to obtain the single
particle wave functions. The rms radius of the two protons on which the reaction
proceeds was held fixed at 2.65 fm, a value suggested by the difference in charge
radius between 11B and OLi.

As the volume in which the ●xchanged neutrons are to be found increases the
cross section deceasee since the reaction only haz significant strength when the
overlap of the wave function of the final neutrons with the initial protons is large.
[n the limit M the radiua of the two final neutrons becomes very large, it is the
initial wave function alone which controls the volume over which the reaction takes
place. When thin limiting eituation is reached the shape of the transition density
no longer changee and the cross section scales M the inveroe volume squared or sa
1/R:,,, The results of the calculation are shown in Figure 1 for a range Of rmo r~ii
cove, Ing those that have been suggested in the Iiterat ure. We note that a radius3
of 12 fm would imply a croso section 3 orders of magnitude smaller than that
ohmrvmi. We estimated the the uncertainty in the calculated crom sections from
myntematic stutien of nuclear ntructure and C)CX for nuclei in thie mass region and



found a one standard deviation error of 40%. This gives a radius for the last two
neutrons in llLi of 5.1~~:~ fm. (See Fig, 1).

We now turn to a comparison of the present extracted radius with other de-
terminations, Bertsch et aL7 find a matter radius of “ Li to be ‘2.S46 fm and that
of ‘Li to be 2.224 fm leading to an &m of 4.72 fm, a value consistent with the
present result. From the neutron radii of Tanihata et af.’ determined from in-
teraction cross section me=urements, assuming that the ‘Li core neutron radius
remains fixed at 2.39 fm, we find R2n to be 4.91 fm. The dissociation experiments
tend to show a larger radius but they are not inconsistent with our rmult if we use
a cluster model for the last two neutrons. Consider a di-neutron bound to the *Li
core and assume that the two neutrons are produced at zero relative momentum
in the dissociation process, We implemented this model by solving for the bound
state wave function of a particle with a two-nucleon mass in a Woods-Saxon po-
tential holding the binding energy fixed at 190 keV, and varying the size of the
well to allow the choice of different rms radii for the di. neutron,

If we compare the r~coil distribution measured by Kobayaahi et af.2 with the
transverse momentum obtained from the di-neutron wave function decribed above
the result is in basic agreement for either of the 5.4 or 6.2 fm cases shuwn in Figure
2a. Note that if the ‘Li were recoiling against two independent neutrons the width
of the peak would be narrower by 1/fit We also show a comparison with the
results of Anne et af. 3 in fig. 2b for the angular distribution of the neutrons
arising from dissociation. Because of the di-neutron assumption used above, each
neutron carries half of the momentum of the ‘Li so that there should be a factor
of 2 between the widths of the distributions in Ref. 2 and 3, while if the neutrons
were uncorrelated there would be a factor of W, The agreement is marginally
satisfactory, except for the first point. Hufner and NemesU point out that for a
reliable extraction of a momentum distribution the energy /nuclmn should exceed
500 MeV/u, a condition met in ref 2 but not in ref, 3.

In summary, an analysis of the DCX reaction on “B leading to the ground
state of 11Li indicates that the measured cross section deterrn.inea the radius of
the neutron halo in llLi: Rzn = 5.1~~~ fm. “

t present ~dre~~: ~ePtm of phy~lcs, N~w Mexico state univ., LM Crucem, NM 88003,

1.1, Tanihata, el d,, Ph~a, LGU.b200, 592 ( 1988).
2. T, Kc)b*yMhl, et al. Pkya. M. Ba32, 5i ( 1989).
S. Anne, et al. Phys. Lett B 250, !9 ( 1990),
4. T. Kobayashl,et al., submitted to Ph~u, RetL Left.
6. N. Auerbach, W, R. Gibbs, J. hi, GInocr.hio ~nd W. U. Kaufmann, Ph~s. Reu. C38,

1277 (1988); M. J. Leitch,et al,, Phua. Reu. C39, MM (1989).
8. A,C, Hayee and D, Strottman, Phyo. Rev. C42, 2248 ( 1990)
7. G. Ilertfich, B.A. 13rownand 11, Sagawa, Phyo. Rev. C39 (1989) 1154.

8. J. lIufncr and M,C. Nemen, Phynt Rev, C2S, 2538 (1981).

2



Id

d’ —

R

I I I I
m i

— 5.4h .
tA --- e2hn 4

2
3
ii
~ 1.0 s \

al
I I 1 I \

o s 10 1s 20 2s
NEUTRONANGLE (dog)

so I I I i I I I

(al T 1

5


